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AERONAUTIC  SYMBOLS 

1.  FUNDAMENTAL  AND  DERIVED  UNITS 


English 


Symbol 

Unit 

Abbrevia¬ 

tion 

Unit 

Abbrevia¬ 

tion 

Length  _ 

Time _ — 

Force. _ 

l 

t 

F 

meter  - 

second,  _  - 

weight  of  1  kilogram.  J 

m 

p 

kg 

foot  (or  mile) _ 

second  (or  hour).  ... 
weight  of  1  pound- 

t 

ft.  (or  mi.) 
sec.  (or  hr.) 
lb. 

Rn^pT' 

1  p  ! 

horsepower  (metric) _ 

!  horsepower _ 

hp. 

Speed _ _ 

i  x  i 

,r  i 

/kilometers  per  hour 
\meters  oer  second  - 

k.p.h. 

m.p.s. 

i  miles  per  hour_ 
j  feet  per  second _ 

m.p.h. 

f.p.3. 

Weight  =  mg 

Standard  acceleration  of  gravity  ==9.80665 
m/s2  or  32.1740  ft./sec.2 
W 

Mass  =  — 

0 

Moment  of  inertia  =  mk2.  (Indicate  axis  of 
radius  of  gyration  k  by  proper  subscript.) 
Coefficient  of  viscosity 


2.  GENERAL  SYMBOLS 

v%  Kii 


v ,  Kinematic  viscosity 

p,  Density  (mass  per  unit  volume) 

Standard  density  of  dry  air,  0,12497  kg-m“4-s2  at 
15°  C.  and  760  mm;  or  0.002378  Ib.-ft  “4-sec,2 
Specific  weight  of  “ standard "  air,  1,2255  kg/m3  or 
0.07651  Ib./cu.ft. 


Area 

Area  of  wing 
Gap 
Span 
Chord 

Aspect  ratio 

True  air  speed 

Dynamic  pressure  =\pV~ 

j. 

Lift,  absolute  coefficient  CL  =  ^ 

qp 

D 

Drag,  absolute  coefficient  CD  = 

qS 


Profile  drag,  absolute  coefficient 

Induced  drag,  absolute  coefficient 

Parasite  drag,  absolute  coefficient  CD  =  ^ 

p  qp 

Cross-wind  force,  absolute  coefficient  <7C  = 
Resultant  force 


AERODYNAMIC  SYMBOLS 

iWi  Angle  of  setting  of  wings  (relative  to  thrust 
line) 

i„  Angle  of  stabilizer  setting  (relative  to  thrust 

line) 

Q ,  Resultant  moment 

Q,  Resultant  angular  velocity 

p— *  Reynolds  Number,  where  l  is  a  linear  dimension 

^  (e.g.,  for  a  model  airfoil  3  in.  chord,  100 

m.p.h.  normal  pressure  at  15°  C.,  the  cor¬ 
responding  number  is  234,000 ;  or  for  a  model 
of  10  cm  chord,  40  m.p.s.  the  corresponding 
number  is  274,000) 

Op,  Center-of-pressure  coefficient  (ratio  of  distance 
of  c.p.  from  leading  edge  to  chord  length) 

^  ~  a,  Angle  of  attack 

^  e,  Angle  of  downwash 

=  —4  aoy  Angle  of  attack,  infinite  aspect  ratio 

jj  on,  Angle  of  attack,  induced 

=  -4  cta,  Angle  of  attack,  absolute  (measured  from  zero- 

*  q  '  lift  position) 

Oc  ~  o  •  is  Flight-path  angle 
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SUMMARY 

The  results  of  an  investigation  of  the  general  aero¬ 
dynamic  characteristics  of  the  N.  A.  0.  A.  2301%  and 
23021  airfoils,  each  equipped  with  a  0.20c  external- 
airfoil  flap  of  N.  A.  C.  A .  23012  section ,  are  presented. 
The  tests  were  made  in  the  N.  A.  C.  A.  7-  by  10-foot  and 
variable-density  wind  tunnels  and  covered  a  range  of 
Reynolds  Numbers  that  included  values  corresponding  to 
those  for  landing  conditions  of  a  wide  range  of  airplanes. 
Besides  a  determination  of  the  variation  of  lift  and  drag 
characteristics  with  position  of  the  flap  relative  to  the 
main  airfoil ,  complete  aerodynamic  characteristics  of  the 
airfoil-flap  combination  with  a  flap  hinge  axis  selected  to 
give  small  hinge  moments  were  measured  in  the  two  tun¬ 
nels.  Some  measurements  of  air  loads  on  the  flap  itself 
in  the  presence  of  the  wing  were  made  in  the  7-  by  10-foot 
wind  tunnel. 

From  the  data  obtained,  the  external-airfoil  flap  in 
combination  with  an  airfoil  appears  to  be  one  of  the  most 
generally  satisfactory  high-lift  devices  investigated  to  date. 
The  combination  tested  offers  a  relatively  high  value  of 
maximum  lift  coefficient  with  low  profile  drag  in  the  high- 
lift  range.  At  low  lift  coefficients  it  gives  very  nearly  as 
low  values  of  profile  drag  as  a  good  plain  airfoil  of  com¬ 
parable  thickness.  Structural  and  stability  problems 
associated  with  the  large  negative  pitching  moments  oc¬ 
curring  at  high  lift  coefficients  may  be  slightly  greater 
than  in  the  case  of  ordinary  and  split  flaps. 

INTRODUCTION 

Consideration  of  the  external-airfoil  flap  as  a  high- 
lift  device  indicates  that  it  may  be  generally  applied  to 
improve  airplane  performance.  Previous  investiga¬ 
tions  of  this  device  (see  reference  1)  have  shown  that 
it  is  capable  of  developing  high  lift  coefficients  and 
that  it  gives  lower  drag  at  these  high  lift  coefficients 
than  ordinary  or  split  flaps.  Thus  it  may  be  more 
favorable  to  such  items  of  performance  as  take-off  and 
ceiling.  In  addition,  it  can  be  balanced  to  have  very 
low  operating  moments  throughout  its  range  of  deflec¬ 
tion  and,  if  large  adverse  yawing  moments  are  accept¬ 
able,  it  may  be  used  to  obtain  lateral  control  while 


still  extending  over  the  full  wing  span  as  a  high-lift 
device. 

Good  aerodynamic  characteristics  have  been  ob¬ 
tained  with  an  external-airfoil  flap  of  Clark  Y  section 
(reference  1),  especially  when  used  in  connection  with 
a  main  airfoil  of  N.  A.  C.  A.  23012  section.  Consider¬ 
ation  of  known  scale  effect  and  drag  characteristics  of 
the  Clark  Y  and  N.  A.  C.  A.  23012  airfoils  indicated 
that  substituting  the  N.  A.  C.  A.  23012  section  for  the 
Clark  Y  section  of  the  flap  might  improve  the  speed- 
range  index  of  the  combination.  In  addition,  the  small 


>Ffop  hinged  of 
center  of  its 
!  /eading-edge 
ore. 


(a)  Survey  of  flap  positions. 


(b)  Balanced  hinge  axis. 

Axis  1  Axis  2 
A  0.250c/  0.240c/ 

B  .100  c/  -100c/ 

A'  .032c  uj  .030c  „ 

B'  .054c  w  .054c  w 

Figure  1.— Flap-setting  details.  The  N.  A.  C.  A.  23012  airfoil  with  0.20c, E  N.  A, 
C.  A.  23012  external-airfoil  flap. 


center-of-pressure  travel  of  the  N.  A.  C.  A.  23012  air¬ 
foil  indicated  the  possibility  of  hinging  it  as  a  flap  in 
such  a  manner  that  operating  moments  lower  than 
those  of  the  Clark  Y  flap  might  be  obtained. 

A  preliminary  investigation  of  the  N.  A.  C.  A.  23012 
section  used  for  both  the  main  airfoil  and  the  flap  was 
made  in  the  7-  by  10-foot  wind  tunnel  to  determine 
the  variation  of  lift  and  drag  characteristics  with 
position  of  the  flap  relative  to  the  main  airfoil.  A 
hinge-axis  location  intended  to  give  low  operating 
moments  and  good  aerodynamic  characteristics  was 
then  selected  and  final  force  tests  were  made  with  the 
flap  hinged  at  this  position  and  set  at  various  angles. 


Z  TIE  PORT  NATION  A  L  ADVISORY 

The  tests  in  the  7-  by  10-foot  wind  tunnel  were  eon- 
eluded  with  a  determination  of  the  air  loads  and  the 
hinge  moments  on  the  flap. 

A  series  of  tests  with  the  flap  set  at  a  few  seleeted 
angles  was  made  in  the  variable-density  tunnel  to 
determine  the  full-scale  characteristics  of  the  airfoil- 
flap  eombination  developed  in  the  7-  by  '10-foot  wind 
tunnel.  Tests  were  then  made  of  the  N.  A.  (k  A.  23021 
airfoil  with  the  N.  A.  (\  A.  23012  flap,  using  the  same 
hinge-axis  location  as  with  the  N.  A.  0.  A.  23012  air¬ 
foil.  Although  no  tests  of  the  combination  with  the 
N.  A.  C.  A.  23021  airfoil  were  made  in  the  7-  by  10-foot 
tunnel,  analysis  of  the  data  of  reference  1  indicated  that 
the  same  flap  hinge  axis  was  optimum  for  either  airfoil. 
The  variable-density-tunnel  tests  covered  a  range  of 
Reynolds  Numbers  representative  of  the  landing  con¬ 
ditions  of  most  modern  airplanes. 
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number  of  flap  angles  were  investigated  to  determine 
the  values  of  CLmiir  and  Cl)tn  n  obtainable  at  each  flap 
position.  In  these  tests  the  Hap  was  hinged  at  the 
center  of  its  leading-edge  arc. 

On  the  basis  of  results  obtained  from  the  foregoing 
tests,  a  new  hinge  axis  giving  reduced  flap  hinge 
moments  and  optimum  aerodynamic  characteristics 
at  the  various  flap-angle  settings  was  selected.  The 
model  with  the  flap  hinged  about  this  point,  designated 
axis  1  in  figure  1  (b),  was  used  in  a  series  of  final  force 
tests  to  determine  the  lift,  drag,  and  pitching-moment 
characteristics  of  the  airfoil-flap  combination  at  the 
various  flap-angle  settings.  The  tests  were  conducted 
in  accordance  with  standard  force-test  procedure  in 
the  7-  by  10-foot  wind  tunnel  at  a  dynamic  pressure  of 
10.37  pounds  per  square  foot,  corresponding  to  a  speed 
of  80  miles  per  hour  in  standard  air.  The  average 


Fiiii  RK  2.-  -Model  nrniTis'ed  for  flap-load  leUs  in  (he  7-  by  '10-foot  wind  tunnel.  The  airfoil  mounted  on  the  balance;  the  flap  separately  supported. 


APPARATUS,  MODELS,  AND  TESTS 

The  tests  were  made  during  the  summer  of  1935  in 
the  N.  A.  C.  A.  7-  by  10-foot  and  variable-density  wind 
tunnels.  Descriptions  of  the  tunnels  and  the  standard 
test  procedures  appear  in  references  1  and  3. 

The  model  tested  in  the  7-  by  10-foot  wind  t  unnel  was 
a  rectangular  airfoil  of  laminated  mahogany  having  a 
span  of  00  inches  and.  a  chord  of  10  inches.  The  flap 
was  a  duralumin  airfoil  with  a  span  of  00  inches  and  a 
chord  of  2  inches.  Fittings  attached  near  the  trailing 
edge  of  the  airfoil  supported  the  flap  in  any  desired 
position  relative  to  the  airfoil.  The  N.  A.  C.  A.  23012 
airfoil  model  was  the  one  used  for  the  tests  described 
in  reference  1;  likewise,  the  method  of  supporting  the 
flaps,  the  program,  of  testing,  and  the  method  of  analyz¬ 
ing  and  presenting  results  were  similar  to  those  of 
reference  1.  Figures  2  and  3  are  sketches  and  photo¬ 
graphs  of  the  models. 

Tests  in  the  7-  by  10-foot  wind  tunnel  were  first  made 
to  determine  the  variation  of  CTjmar  and  of  the 

airfoil-flap  combination  with  the  flap  hinge  located  at 
each  of  the  positions  shown  in  figure  1  (a)  ;  a  sufficient 


test  Reynolds  Number  based  on  the  12-incli  chord 
(wing  chord  +  flap  chord)  of  the  model  was  approxi¬ 
mately  730,000. 

The  variation  with  flap  angle  of  flap  hinge  moment 
about  axis  1  at  a  series  of  angles  of  attack  was  deter¬ 
mined  by  measuring  the  twist  of  a  calibrated  rod 
attached  to  one  end  of  the  flap,  which,  for  this  test  was 
binged  freely  on  its  supports.  For  reasons  that  will 
appear  later,  additional  liinge-moment  measurements 
about  an  axis  slightly  ahead  of  axis  1,  designated  axis  2 
in  figure  1  (b),  were  also  made.  Air  loads  on  the  flap 
itself  were  determined  by  supporting  the  flap  separately 
in  the  correct  position  with  respect  to  the  main  airfoil 
and  measuring  forces  on  the  main  airfoil  alone.  The 
flap  loads  were  then  readily  computed  by  deducting 
the  loads  measured  on  the  airfoil  alone  with  the  flap 
in  the  correct  position  from  the  forces  measured  on  the 
eombination  in  the  previous  force  tests.  Figure  2 
shows  the  model  arranged  for  flap-load  measurements 
in  the  7-  by  10-foot  wind  tunnel.  Similar  measure¬ 
ments  of  flap  loads  and  hinge  moments  on  split  flaps 
and  Fowler  flaps  are  described  in  references  4  and  5. 
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The  models  tested  in  the  variable-density  tunnel 
consisted  of  two  duralumin  airfoils  of  N.  A.  C.  A. 
23012  and  N.  A.  C.  A.  23021  sections  using  N.  A.  C.  A. 
23012  flaps  made  of  stainless  steel.  The  span  of  the 
models  was  30  inches  and  the  sum  of  the  wing  and 
flap  chords,  5  inches.  Small  hinge  brackets  (fig.  3) 
were  used  to  attach  the  flap  to  the  main  airfoils. 
Standard  force  tests  were  made  at  a  Reynolds  Number 
of  about  3,000,000  (effective  Reynolds  Number  about 
8,000,000)  of  the  combination  using  the  N.  A.  C.  A. 
230.12  section  for  the  main  airfoil  with  flap  angles  of 
—  3°,  20°,  30°,  and  40°.  Similar  tests  with  flap  angles 
of  —3°  and  30°  were  made  of  the  combination  using 
the  N.  A.  C.  A.  23021  section  for  the  main  airfoil. 
Both  combinations  were  tested  inverted  with  t\ie  flap 
set  at  —3°  (angle  for  minimum  drag)  to  extend  the 
characteristics  through  the  negative-lift  range.  Maxi¬ 
mum  lift  coefficients  were  also  obtained  for  both 
combinations  at  lover  values  of  the  Reynolds  Number. 

PRECISION 

The  precision  of  force  and  load  tests  in  the  7-  by 
1 0-foot  wind  tunnel  is  completely  discussed  in  references 
1,  4,  and  5.  A  discussion  of  precision  of  force  tests  in 
the  variable-density  tunnel  appears  in  references ‘3,  (i, 
and  7.  It  is  believed  that  the  present  test  results  may 
be  considered  free  from  any  serious  consistent  errors 
and  that  they  may  be  applied  with  normal,  engineering 
accuracy  to  free-flight  conditions  at  the  stated  values 
of  effective  Reynolds  Number. 

RESULTS  AND  DISCUSSION 

Form  of  presentation  of  results. — All  test  results 
have  been  reduced  to  standard  nondimensional  coeffi¬ 
cient  form  based  on  total  wing  areas  (sum  of  areas  of 
airfoil  and  flap)  and  on  total  chord  c  (sum  of  chords  of 
airfoil  and  flap),  except  the  flap-load  coefficients,  which 
are  based  on  the  dimensions  of  the  flap  itself.  The 
special  coefficients  used  are  defined  as  follows: 

Subscript  w  refers  to  the  main  airfoil. 

Subscript  /  refers  to  the  flap. 

(i  _  fl_a  p  hi  n  go  moment 

"  "r ~  2  (S,c  +  V)  (cB + cj 

fi  force  on  flap  normal  to  flap  chord 

V/~ .  Wi¬ 

fi  force  on  flap  parallel  to  flap  chord 

7  w 

8f,  angle  between  wing  and  flap  chord  lines,  degrees- 
o,  pitching-moment  coefficient  computed  about 
the  aerodynamic  center  determined  for  the  airfoil-flap 
combination  with  the  flap  set  at  the  minimum-drag 
angle. 

Standard  corrections  for  the  effects  of  jet-boundary 
and  static-pressure  gradient  in  the  7-  by  10-foot  wind 
tunnel  were  applied  to  the  test  results.  Although  the 


nominal  aspect  ratio  of  the  model  having  a  span  of 
60  inches  and  a  total  chord  of  12  inches  was  5,  the 
results  have  been  corrected  and  are  presented  for  aspect 
ratios  of  6  and  infinity.  Infinite  aspect  ratio  data  are 
further  corrected  to  an  effective  Reynolds  Number  to 
allow  for  the  effects  of  air- stream  turbulence,  as  ex¬ 
plained  in  references  7  and  S. 

The  data  obtained  in  the  variable-density  tunnel 
have  been  corrected  in  the  usual  manner  (references  3, 
9,  and  10).  The  results  are  presented  for  an  aspect 
ratio  of  0  and  as  section  data.  The  section  character¬ 
istics,  which  have  been  corrected  to  the  effective 
Reynolds  Number  and  for  the  effect  of  rectangular 
tips  (references  9  and  10),  are  distinguished  from  the 
wing  characteristics  by  the  use  of  lower-case  letters, 
thus: 


Drag  data  obtained  in  both  tunnels  have  been  corrected 
by  deducting  the  drag  of  the  flap  supports,  estimated 
from  tests  with  dummy  supports.  This  correction 
was  very  small,  varying  in  magnitude  from  0  to  0.0005 
at  small  and  moderate  values  of  the  lift  coefficient. 

Determination  of  optimum  flap  hinge  axis,— Results 
of  the  first  series  of  tests  in  the  7-  by  10-foot  wind 
tunnel  are  given  in  figure  4.  Contours  showing  the 
variation  of  CLmaj.  with,  flap  position  at  various  (lap 
angles  appear  in  the  figure,  as  well  as  contours  of 
with  the  flap  angle  varying  from  —2°  to  —4°. 

A  balanced  hinge  axis  for  the  flap  was  selected  by 
investigating  the  characteristics  of  the  wing-flap  com¬ 
bination  with  the  hinge  axis  near  the  0.25  cf  point 
on  the  flap,  where  the  flap  hinge  moments  should  he 
reduced  to  very  small  values.  A  profile  of  the  flap 
drawn  on  transparent  paper  was  laid  on  the  various 
contour  sheets  and  rotated  about  each  of  a  series  of 
hinge  axes  near  the  0.25  cf  point  on  the  flap  and  in 
various  positions  relative  to  the  main  airfoil;  (his 
procedure  permitted  the  approximate  determination 
o(  the  values  of  0Lmnx  and  0D//fill  obtainable  with  the 
various  axis  locations.  Hinge  axis  1  (fig.  1(h))  was 
finally  selected  as  giving  the  best  compromise  between 
the  requirements  of  low  hinge  moment,  high  CJjmffT, 
and  low  CD.  The  flap  angles  for  CI  and  Cn  . 

-l  o  lj7riax  I'm. in 

were  30°  and  —3°,  respectively,  and  the  loss  of  lift 
and  drag  characteristics  incurred  by  hinging  the  flap 
at  this  axis  was  within  the  limits  of  accuracy  of  the 
tests  in  both  cases. 

Aerodynamic  characteristics  of  selected  airfoil  com¬ 
bination. — Standard  aerodynamic  characteristics  of  the 
selected  arrangement,  as  determined  in  the  7-  by  10-foot 
wind  tunnel,  with  the  flap  set  at  angles  of  —10°,  —3°, 
0°,  5°,  10°,  20°,  30°,  and  40°  are  shown  in  figures 
5  to  12,  respectively.  Similar  data  for  the  plain 
N.  A.  C.  A.  23012  airfoil  used  in  the  tests  are  shown 
in  figure  13. 


AERODYNAMIC  CHARACTERISTICS  OF  AIRFOILS  WITH  FLAPS 


b 


It  should  be  noted  that  the  optimum  flap  angle  for 
cruising  and  high-speed  flight  is  not  necessarily  — 3° 
but  may  vary  somewhat  with  the  lift  coefficients 
corresponding  to  these  speeds.  The  optimum  angle 
for  each  design  should  probably  be  determined  by 
flight  test  on  account  of  possible  variations  resulting 
from  such  factors  as  the  effect  of  attitude  on  fuselage 
and  interference  drag,  the  effect  of  pitching  moment 
on  tail  drag,  scale  effect,  and  the  variation  with  lift 
coefficient  previously  mentioned. 


The  results  presented  for  the  erect  and  inverted 
tests  (figs.  14,  15,  19,  and  20,  and  table  1)  overlap  to 
some  extent  near  zero  lift  and  are  not  in  strict  agree¬ 
ment;  the  pitching-moment  coefficients  about  the 
aerodynamic  center,  the  positions  of  the  aerodynamic 
center,  and  the  values  given  in  table  1  for  the  lift-curve 
slope,  and  for  the  angle  of  zero  lift  (indicated  bv  the 
lift-curve  slope)  as  obtained  from  the  erect  and  in¬ 
verted  tests  differ  somewhat.  These  apparent  dis¬ 
crepancies  in  table  1  arise  from  the  fact  that  the 


x , percent 
(e.)  <  j-;  fLp  angle,  <*0°. 


x , percent  ct 

(0  (  l>m  in- 


Figure  4.-  Contours  showing  variation  of  Ct,m„T  aiul  On 


in  with  flap  position  amt  angle.  The  N.  A.  C.  A.  23012  airfoil  with  0.20c  N.  A.  C.  A.  23012  external-airfoil 
flap.  Plain  wing:  CtmaXf  1.150;  Cnmin,  0.0103. 


Standard  large-scale  aerodynamic  characteristics  of 
the  N.  A.  C.  A.  23012  airfoil  with  the  N.  A.  C.  A. 
23012  external-airfoil  flap  hinged  at  axis  2  (fig.  1(b)) 
at  angles  of  —3°  (upright  and  inverted),  20°,  30°,  and 
40°  as  obtained  in  the  variable-density  tunnel  are 
shown  in  figures  14  to  18.  Similar  data  for  the 
N.  A.  C.  A.  23021  airfoil  in  combination  with  the 
N.  A.  C.  A.  23012  external-airfoil  flap  set  at  angles 
of  —3°  (upright  and  inverted)  and  30°  appear  in  figures 
19  to  21.  Important  characteristics  of  the  two  airfoil- 
flap  combinations  tested  in  the  variable-density  tunnel 
are  summarized  in  table  I. 


previously  mentioned  constants  have  been  selected  to 
give  reasonably  good  agreement  with  the  test  results 
at  moderate  positive  and  negative  angles  of  attack. 
The  characteristic  curves  may  be  faired  together  at 
zero  lift,  giving  preference  to  the  positive-angle  data; 
or  the  positive-angle  data  may  be  employed  in  the 
immediate  neighborhood  of  zero  lift. 

Discussion  of  airfoil  characteristics. — The  high  values 
of  the  maximum  lift  coefficient  obtained,  2.37  for  the 
N.  A.  C.  A.  23012  airfoil  with  flap  and  2.41  for  the 
N.  A.  C.  A.  23021  airfoil  with  flap  at  an  effective  Rey¬ 
nolds  Number  of  about  8,000,000,  compare  favorably 
with  those  obtained  for  most  other  liigli-lift  devices. 
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- . . ‘Test  aspect  ratio,  5  -  ^ 

I _ L Results  corrected  to  A.R.6  k 

! _ _ Test:  3830  7  by  10  ft.  tunnel  .  g 

I  1  |  I  I  1  Corrected  for  funnel-wall  effect \  § 

-8  :4  0  4  8  ’  12  16  20  24  28 
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Airfoil:  N.A.C.A.  230/2 
Flop:  N.A.C.A.  230/2 
Test:  2830  7  by  10  ft.  tunnel 

R.  N.:  (e  f fee  five)  1, 050, 000 
Results  corrected  to  infinite 
'  aspect  ratio.  Date:  7-13-35 
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xternal-airfoil  flap.  Flap  angle,  —10°.  The  airfoil  is  the  same  as  used  for  test  2*3 
)n  is  eomputed  about  the  aerodynamic  center  used  for  test  2831 -a. 
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2L.—  \ _ _ [Results  corrected  to  A.R.6 
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Ll  I  7  1  Corrected  for  tunnel-  wa //  effec.  f. 
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Angle  of  attack,  o'  (degrees) 

Flap  angle _ _ _ 

Main  wing  section _  X.  A.  C. 

Flap  section _ _ _ _ _  X.  A.  C. 

Main  wing  chord,  r,. _  _ _ _ 

Flap  chord,  r/=0.2c„ _ 

Latum  chord,  e=e„+r/ 

Pivot  aft  trailing  edge  of  _ _ _ _ _  0.032<v 

Pivot  below  main  wing  chord _  . 004c u. 


.Airfoil:  N.A.C.A.  230/2 
Flop:  N.A.C.A  230/2  Date:  7-13-35 
Test:  283 1 -a,  7  by  10  ft.  tunnel 

'  R.  N.:  ( s  f fee  five )  1, 050, 000 
Results  corrected  to  infinite 
aspect  ratio. 
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Lift  coefficient,  CL 


-  -  —3  Pivot  aft  (lap  leading  edge _ _ _ _ 

A.  A.  23012  Pivot  helow  flap  chord _ _ _ _ 

A.  (’.  A.  23012  Flap  displacement  angle  _ _ _ _ _ 

-  0.833c  (a.  c.) n  freni  leading  edge _  _ 

-  .  1007c  (a.  c.  )n  above  main  wing  chord _ _  _ _ 

(a.  e.)r,  same  as  for  variable-density  tunnel  test  1273  (fig 
32c,,.  ,0200c  correct  ion  for  effect  of  rectangular  tips. 


-  0.20(7  0.0117c 
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FKit'RE  0.— The  X.  A.  C. 


23012  airfoil  wit  h  0.20c,,-  X.  A.  C.  A .  23012  external-airfoil  flap. 


AERODYNAMIC  CHARACTERISTICS  OF  AIRFOILS  WITH  FLAPS 


i 


Fig  IKK  7 —The  W  A.  C.  A.  2:5012  airfoil  with  0.20cv  N.  A.  C.  A.  2;50I2  external-airfoil  flap.  Flap  angle,  0°.  Tito  airfoil  is  the  same  as  used  for  test  283J-a  (tig.  0)  except  the 

flap  setting.  The  value  of  Cm .  is  computed  about  the  aerodynamic  center  used  for  test  2831 -a. 
u.c.)0 


Angle  of  attach,  a  (degrees) 


Figure  S. — T'iic  X.  A.  <  \  A.  23012  airfoil  w  ith  0.20c ,<■  N.  A.  O.  A.  23012  external-airfoil  flap.  Flap  angle,  5°.  The  airfoil  is  the  same  as  used  for  test  2S31-a  (fig.  G),  except  the 
flap  setting.  The  value  of  Cm ,  .  is  computed  about  the  aerodynamic  center  used  for  test  2831-a. 
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Figure  9. — ThcX.  A.  C.  A.  23012 airfoil  with  0.20c a  N.  A.  C.  A.  23012  external-airfoil  flap.  Flap  angle,  10°.  The  airfoil  is  the  same  as  used  for  test  2S3 1  -a  (fig.  0), except  f tie 
flap  setting.  The  value  of  Cm  is  computed  about  the  aerodvnamie  center  used  for  test  2831-a. 


Figure  10.— The N .  A.  O.  A. 23012 airfoil  with  0.20c«-  X.A.C.A.  230(2  external-airfoil  Hap.  Flap  angle,  20°.  The  airfoil  is  the  same  as  used  for  test  2831-a  (fig,  (>),  except  the 
flap  setting.  The  value  of  Cm.  r  ^  is  computed  about  the  aerodynamic  center  used  for  test  2831-a. 


Ratio  of  lift  to  drag.  L/D  Z  Roi‘°  of  //ff  fo  dra9>  L/D 
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Airfoil:  N.A.C.A.  230/2 
Size:  10 "x 60"  Flop :  2"x  60" 

;  Pres,  (st’nd.  atm.):  / 

—  Tested: L.M. A. L.  Date:  7-15-35 

—  I lei.  ( ft/se c.):  II 7. 3  P.N.:  730, 000 
Test  aspect  ratio ,  5 

J _ Results  corrected  to  A.R.  6 

Test:  2836 ,  7  by  10  ft.  tunnel 
\  Corrected  for  tunpel-wpli  effect. 
—Q  4  ~8  12  IS  20  24  28 
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j_  Results  ^corrected  fo  A.R.  6  J  ^  Airfoil:  N.A.C. A.  230/2 ,  Flap:  N.A.C.A.  23012  j 

‘  Test:  2836,  7  by  10  ft  tunnel  I  $  _  4  .  Test:  28 36,  7  by  !0  ft.  tunnel,  R.N.:(Eff.)  1,050,000  \__jQ 

;  T  Corrected  for  tunpel-wpll  effect.  \  %  \ Results  corrected  to  jn  finite  aspect  ratio. 
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Angle  of  attack,  a  (degrees)  Lift  coefficient,  CL 

.  A.  C.  A.  23012  airfoil  with  0.20c w  N.  A.  C.  A.  23012  external -air foil  flap.  Flap  angle,  30°.  The  airfoil  is  the  same  as  used  for  test  2831-a  (fig.  6)  except 
the  flap  setting.  The  value  of  Cm,  ,  is  computed  about  the  aerodynamic  center  used  for  test  283l-a. 
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Airfoil:  N.A.C.A.  23012 
Size:  10 "x60"  Flap:  2"x60 " 

Pres.  (sfnd.  atm.):  /  ‘  "  d 

Tested:  LM  A.  L.  Date:  7~  15-35 
Vel(ff./sec.):  117.3  R.N.:  730,000-  -.4 

-  Test  aspect  ratio,  5 
..Results  corrected  to  A.R.  6 
Test:  2831 .  7  by  10  ft.  tunnel 
Corrected  for  tunnel-wall  effect. 
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Airfoil:  N.A.C.A.  230/2,  Flap:  N.A.C.A.  23012 
Test:  2837,  7'x/O' funnel,  R.M:(Eff.)  1,050,000 _  _,G 
Results  corrected  to  infinite  aspect  ratio.  1 
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3.  A.  23012  airfoil  with  0.20c w  N.  A.  C.  A.  23012  external-airfoil  flap.  Flap  angle,  40°.  The  airfoil  is  the  same  as  used  for  test  2831-a  (fig  ft)  except 


the  flap  setting.  The  value  of  Cm 


is  computed  about  the  aerodynamic  center  used  for  test  2831-a. 
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/  _  Airfoil:  N.A.C.A.  23012 
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Figure  13.— The  X.  A.  O.  A.  23012  airfoil. 
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Figure  14. — The  N.  A.  C.  A.  23012  airfoil  with  0.20ft.'  N.  A.  C.  A.  23012  external-airfoil  flap. 


AERODYNAMIC  CHARACTERISTICS  OF  AIRFOILS  WITH  FLAPS 


11 


Figthe  i/i— The  N.  A.  C.  A.  23012  airfoil  with  0.20c w  N.  A.  C.  A.  23012  external-airfoil  flap.  Flap  angle,  —3°  (inverted).  The  airfoil  is  the  same  as  used  for  variable- 
density  tunnel  test  1273  (fig.  14)  except  inverted;  a.  c.  from  leading  edge,  0.252c;  a.  c.  above  main  wing  chord,  -0.07c. 


Figure  10. —The  N.  A.  C.  A.  23012  airfoil  with  0.20c w  N.  A.  C.  A.  23012  external-airfoil  flap.  Flap  angle,  20°.  The  airfoil  is  the  same  as  used  for  variable-density  tunnel 
test  1273  (fig.  14)  except  the  flap  setting.  The  value  of  c,rt(<1  c  )ft  is  computed  about  the  aerodynamic  center  as  determined  for  test.  1273. 
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Figure  17.— The  N.  A.  C.  A.  230L2  airfoil  with  0.20c*  N.  A.  C.  A.  23012  external-airfoil  flap.  Flap  angle,  30°.  The  airfoil  is  the  same  as  used  for  variable-density  tunnel 

test,  1273  (fig.  14)  except  the  flap  setting.  The  value  of  c„,(  .  is  computed  about  the  aerodynamic  center  as  determined  for  test  1273. 

Ut.Cjy 


Figure  IS. —The  N.  A,  C.  A.  23012  airfoil  with  0.20c*  N.  A.  C.  A.  23012  external-airfoil  flap.  Flap  angle,  40°.  The  airfoil  is  the  same  as  used  for  variable-density 
tunnel  test  1273  (figi  14)  except  the  flap  setting.  The  value  of  c,n .  , ,  is  computed  about  tbe  aerodynamic  center  as  determined  for  test  1273. 


AERODYNAMIC  CHARACTERISTICS  OE  AIRFOILS  WITH  FLATS 


JO 


Figure  19— The  N.  A.  C.  A.  23021  airfoil  until  0.20  c#  1ST.  A.  C.  A.  23012  external-airfoil  flap. 


Figure  20.-  The  N.  A.  C.  A.  23021  airfoil  with  0.20c „  N.  A.  C.  A.  23012  external-airfoil  flap.  Flap  angle,  -3°  (inverted).  The  airfoil  is  the  same  as  used  for  variable 
density  tunnel  test  1271  (fig.  19)  except  inverted;  a.  c.  from  leading  edge,  0.217c;  a.  c.  above  main  wing  chord,  -0.01c. 
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The  minimum  drag  coefficients  obtained  for  both 
airfoil-flap  combinations  indicate  a  slight  favorable 
interference  between  the  airfoil  and  the  flap.  The 
values  obtained  at  an  effective  Reynolds  Number  of 
about  8,000,000  were  0.00G9  and  0.0097,  respectively, 
for  the  combinations  using  the  N.  A.  C.  A.  23012  and 
the  N.  A.  C.  A.  23021  airfoils  for  the  main  airfoil  sec¬ 
tions.  These  values  are  lower  than  those  obtained  for 
the  N.  A.  C.  A.  23012  and  the  N.  A.  C.  A.  23021  sec¬ 
tions  alone,  which  have  minimum  drag  coefficients  of 
0.0071  and  0.0101,  respectively  (reference  10).  Air¬ 
foils  of  the  N.  A.  C.  A.  230  series  of  lower  thickness 
ratios  having  the  same  maximum  thickness  for  the 
same  chord  as  the  combination  tested  afford,  however, 


Fkil'KE  21.— The  N\  A.  O.  A.  2302 L  airfoil  with  0.20c „■  N.  A.  C.  A.  23012  externa 
tunnel  test  1274  (fig.  10)  except  Ihc  Hap  setting.  The  value  of  em, 

a  better  comparison.  One  such  section  is  the  N.  A. 
C.  A.  23010  predicted  to  have  a  minimum  drag  coef¬ 
ficient  of  0.00G7  and  another  is  the  N.  A.  C.  A.  23018, 
which  has  a  minimum  drag  coefficient  of  0.0091  (ref¬ 
erence  10).  These  values  are  slightly  lower  than 
those  obtained  with  the  comparable  wing-flap  com¬ 
binations. 

The  variations  of  maximum  lift  and  minimum  drag 
coefficient  with  effective  Reynolds  Number  are  shown 
in  figure  22.  The  data  plotted  in  this  figure  are  not 
corrected  for  hinge  tares  or  for  the  effects  of  rectangu¬ 
lar  tips  because  these  corrections  were  not  known  with 
certainty  at  all  values  of  the  effective  Reynolds 
Number.  The  values  plotted  differ,  therefore,  from 
the  fully  corrected  values  given  elsewhere,  but  the 


curves  show  the  effects  of  scale  on  the  characteristics 
plotted.  It  will  be  noted  that  the  scale-effect  curve  for 
the  maximum  lift  coefficient  of  the  N.  A.  C.  A.  23012 
airfoil-flap  combination  as  determined  in  the  variable- 
density  wind  tunnel  has  a  discontinuity  at  an  effective 
Reynolds  Number  of  about  1,700,000.  The  point 
obtained  in  the  7-  by  10-foot  wind  tunnel  at  an  effec¬ 
tive  Reynolds  Number  of  only  1,000,000,  however, 
lies  on  the  extension  of  the  curve  obtained  in  the 
variable-density  wind  tunnel  at  higher  Reynolds  Num¬ 
bers.  Only  two  points  were  obtained  for  the  combina¬ 
tion  using  the  N.  A.  C.  A.  23021  section  for  the  main 
airfoil  in  the  variable-density  tunnel,  but  for  this 
case  also  it  appears  that  a  similar  discontinuity  may 


-airfoil  flap.  Flap  angle,  30°.  The  airfoil  is  the  same  as  used  for  variable-density 
is  computed  about  the  aerodynamic  center  as  determined  for  test  1274. 


exist,  as  evidenced  by  the  low  maximum  lift  coefficient 
obtained  at  an  effective  Reynolds  Number  of  3,800,000. 

An  explanation  of  this  phenomenon  and  the  appar¬ 
ent  difference  between  the  results  from  the  two  tun¬ 
nels  is  indicated  by  the  fact  that  the  observed  discon¬ 
tinuity  tends  to  appear  at  a  constant  value  of  the  test 
Reynolds  Number  rather  than  of  the  effective  Reyn¬ 
olds  Number.  As  pointed  out  in  reference  8,  the 
concept  of  effective  Reynolds  Number  is  applicable 
only  when  the  scale  effect  is  determined  mainly  by  the 
influence  of  the  transition  from  a  laminar  to  a  turbulent 
boundary  layer.  In  the  present  case  the  flow  through 
the  slot  probably  is  the  important  factor  and  depends 
upon  the  boundary -layer  thickness  relative  to  the  slot 
size,  which  in  turn  is  more  nearly  dependent  on  the 
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test  Reynolds  Number  than  on  the  effective  Reynolds 
Number.  Interpreted  on  this  basis,  the  apparent  con¬ 
flict  between  the  results  obtained,  in  the  variable-den¬ 
sity  and  the  7-  by  10-foot  wind  tunnels  disappears, 
and  it  is  probable  that  wings  in  flight  will  show  the  dis¬ 
continuity,  if  at  all,  at  values  of  the  Reynolds  Number 
lower  than  the  effective  values  at  which  the  discontinui¬ 
ties  occur  in  the  variable-density  tunnel. 

The  scale  effect  on  minimum  profile  drag,  as  shown 
in  figure  22,  is  about  the  same  for  both  combinations. 

Flap  loads.— The  variation  of  flap  normal  force,  flap 
chord  force,  and  flap  center  of  pressure,  with,  lift 
coefficient  of  the  airfoil-flap  combination  is  shown  in 
figure  23.  These  data  are  in  no  case  extended  to  the 
maximum  lift  coefficient  of  the  combination  at  the  flap 
angle  in  question  on  account  of  erratic  points  obtained 
in  the  tests.  The  data  indicated  that,  with  the  flap 
supported  separately,  either  the  main  airfoil  or  the  flap 
bad  a  tendency  to  stall  prematurely,  rendering  the  values 
in  the  region  of  CLmnx  inconsistent  and  unreliable. 

The  variation  of  flap  hinge-moment  coefficient  CHf 
with  flap  angle  about  the  two  hinge-axis  locations  used 
is  shown  in  figures  24  and  25.  It  will  be  noted  that  the 
flap  is  slightly  overbalanced  between  angles  of  —5° 
and  —10°  when  hinged  at  axis  1.  Although  the  over¬ 
balance  does  not  occur  in  the  normal  flap-operating 
range  (—3°  to  30°),  it  seems  likely  that  overbalance 
might  occur  in  operation  of  the  flaps  as  ailerons  with 
a  neutral  setting  of  —3°.  For  this  reason  the  second 
location,  axis  2  (fig.  1),  was  selected  and  used  for  further 
hinge-moment  tests.  This  hinge  axis  is  exactly  1 
percent  of  the  flap  chord  ahead  of  axis  1.  Even  with 
tliis  axis,  some  slight  degree  of  overbalance  remains 
although  it  is  considerably  less  than  that  encountered 
with  axis  1  and  is  not  considered  likely  to  cause  aileron 
overbalance  in  the  high-speed  condition. 

Since  the  tests  in  the  variable-density  tunnel  were 
based  on  the  results  of  the  7-  by  10-foot  wind-tunnel 
tests,  it  was  considered  desirable  to  use  flap  hinge  axis 
2,  which  seems  slightly  more  satisfactory  than  1,  in 
the  variable-density-tunnel  tests.  Inasmuch  as  the 
flap  was  hinged  at  axis  1  for  the  7-  by  10-foot  wind- 
tunnel  tests,  there  is  a  slight  discrepancy  of  flap  position 
between  the  final  force  tests  in  the  two  tunnels.  The 
rate  of  variation  of  lift  and  drag  characteristics  with 
flap  position,  as  shown  in  figure  4,  indicates,  however, 
that  the  effect  of  this  difference  on  the  final  force-test 
data  may  be  regarded  as  negligible. 

General  features  of  combinations  of  airfoil  and 
external-airfoil  flap.— The  present  external-airfoil  (lap 
combinations  appear  to  have  as  many  desirable  aero¬ 
dynamic  characteristics  as  other  good  higli-lift  devices 
tested  up  to  the  present.  They  give  a  high  maximum 
lift  coefficient  and  a  low  minimum  drag  coefficient;  in 
these  respects,  however,  their  merit  is  approximately 
equal  to  that  of  such  a  device  as  the  split  flap.  At  the 
same  time  they  give  a  much  lower  value  of  drag  coeffi¬ 


cient  throughout  the  high-lift  range,  provided  that  the 
flap  is  set  at  the  proper  angle,  than  do  split  flaps.  II 
a  large  drag  at  a  high  lift  coefficient  is  desired  to  obtain 
steep  gliding  ability,  characteristics  approaching  those 
of  the  split  flap  can  be  obtained  by  deflecting  the 
external-airfoil  flap  to  larger  angles  than  the  optimum, 
thus  causing  the  flap  to  stall  and  to  give  large  increases 
of  profile  drag.  A  different  hinge  axis,  selected  with 
this  characteristic  in  mind,  should  give  large  available 
values  of  profile  drag  at  high  lift  coefficients  without 
entailing  much  increase  in  the  minimum  values  of 
profile  drag  obtainable  throughout  the  lift  range. 

Another  feature  of  external-airfoil  flaps  is  the  possi¬ 
bility  of  deflecting  them  as  ailerons,  while  they  cover 
the  full  span  of  the  wing  as  a  high-lift  device.  As 
explained  in  reference  1,  disadvantages  in  connection 
with  overbalance  when  the  ailerons  are  deflected  differ¬ 
entially  and  with  large  values  of  adverse  yawing 


KifrUHK  22.  Scale  effect  on  N.  A.  0.  A.  23012  and  N.  A.  C.  A.  23021  airfoils  with 
6. 20c it-  N.  A.  C.  A.  23012  external-airfoil  flap.  All  values  uncorrected  for  hinge 
tares  and  for  effects  of  rectangular  tips. 


moment  render  their  value  as  a  lateral-control  arrange¬ 
ment  doubtful.  Unfortunately  the  use  of  the  full-span 
flap  for  glide  control,  as  suggested  previously,  is  in¬ 
compatible  with  its  use  as  a  lateral-control  device.  An 
arrangement  using  the  tip  portions  as  combined  aile¬ 
rons  and  flaps,  with  the  center  portion  capable  of  being 
deflected  to  much  larger  angles  for  glide  control, 
appears  to  offer  a  possibility  of  combining  these  various 
features,  provided  that  the  large  values  of  adverse 
yawing  moment  are  acceptable. 

With  the  data,  available  at  present,  it  is  possible  to 
determine  the  relative  merit  of  the  Clark  Y  and  the 
N.  A.  C.  A.  23012  airfoil  sections  for  use  as  external- 
airfoil  flaps  on  the  N.  A.  C.  A.  23012  main  airloil. 
Comparison  of  the  results  in  this  report  with,  those  of 
reference  1  indicates  that  the  combination  with  the 
N.  A.  C.  A.  23012  flap  has  appreciably  lower  drag 
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throughout  the  whole  lift  range.  The  values  obtained 
in  the  7-  by  10-foot  wind  tunnel  of  the  speed-range 
index  CL  ICD  .  ,  which  may  be  considered  repre- 
sentative  of  the  relative  merit  of  the  two  arrangements, 
are  192  for  the  N.  A.  C.  A.  23012  flap  on  the  N.  A.  C.  A. 
23012  airfoil  and  174  for  the  Clark  Y  flap  on  the  N.  A. 
C.  A.  23012  airfoil.  Although  the  combination  with 
the  Clark  Y  flap  gives  a  slightly  higher  maximum  lift 
coefficient,  it  is  apparent  from  the  values  of  the  speed- 
range  index  that  the  general  maximum  lift  and  mini¬ 
mum  drag  characteristics  of  the  combination  with  the 


Figure  26. — Comparison  of  N,  A.  C.  A.  23012  airfoil  and  0.20c„<  N.  A.  C.  A.  23012 
external-airfoil  flap  with  N.  A.  C.  A.  23010  airfoil  and  0.20 c,r  split;  flap.  Effective 
Reynolds  Number,  8,200,000. 


N.  A.  C.  A.  23012  flap  are  more  favorable.  A  study 
of  the  contour  curves  for  maximum  lift  and  minimum 
drag  in  this  report  and  in  reference  1  shows  that  the 
variation  of  optimum  position  of  the  flap  with  flap 
angle  is  more  favorable  for  obtaining  a  hinge  position 
giving  low  operating  moments  without  sacrificing  per¬ 
formance  characteristics  in  the  case  of  the  N.  A.  C.  A. 
23012  flap  than  in  the  case  of  the  Clark  Y  flap. 

A  comparison  of  the  N.  A.  C.  A.  23012  external- 
airfoil  flap  in  combination  with  N.  A.  C.  A.  23012  and 
N.  A.  C.  A.  23021  airfoils,  with  the  plain  airfoils  of 
comparable  thickness  equipped  with  split  flaps  is  shown 


in  figures  26  and  27.  The  polar  curves  for  the  flap 
combinations  are  envelope  curves  of  the  series  of 
polar s  obtained  at  the  various  flap-angle  settings, 
thus  giving  at  each  lift  coefficient  the  minimum  profile- 
drag  coefficient  obtainable  from  the  airfoil-flap  com¬ 
bination.  The  envelope  curves  for  the  split-flap  com¬ 
binations  were  constructed  from  data  obtained  from 
reference  11  and  from  unpublished  tests  in  the  variable- 
density  tunnel.  In  the  case  of  the  plain  airfoil  equipped 
with  a  split  flap,  no  reduction  of  profile-drag  coefficient 
is  obtained  by  deflecting  the  flap  except  at  lift  coeffi- 


FuiunK  27.- --Comparison  of  N.  A.  C.  A.  23021  airfoil  and  0.20c .«  N.  A.  C.  A.  23012 
external-airfoil  flap  with  N.  A.  C.  A.  23018  airfoil  and  0.20cw  split  flap.  Effective 
Reynolds  Number,  8.200,000. 


cients  very  near  the  maximum  for  the  plain  airfoil. 
The  curves,  therefore,  show  also  the  comparison  of  the 
external-flap  device  with  a  plain  wing.  Since  the 
N.  A.  C.  A.  23012  airfoil  with  a  0.20c  N.  A.  C.  A. 
23012  external-airfoil  flap  lias  a  maximum  thickness 
equal  to  10  percent  of  the  over-all  chord,  it  is  considered 
directly  comparable  with  the  N.  A.  C.  A.  23010  airfoil 
in  that  wings  of  these  two  types,  having  the  same  plan 
form  and  area,  would  have  the  same  maximum  thick¬ 
ness.  The  same  is  true  of  the  N.  A.  C.  A.  23021  airfoil 
with  the  N.  A.  C.  A.  23012  external-airfoil  flap  in 
comparison  with  the  N.  A.  C.  A.  23018  plain  airfoil. 
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From  the  data  appearing  in  figures  2fi  and  27,  the 
advantages  of  the  external-airfoil  flap  over  other  types 
of  high -lift  flaps  in  general  use  at  present  are  immedi¬ 
ately  apparent.  The  results  show  that,  for  flight  at 
any  lift  coefficient  above  approximately  0.7,  a  wing 
with  an  external-airfoil  flap  is  superior  either  to  the 
comparable  plain  wing  or  to  one  equipped  with  a  split 
flap.  Since  the  maximum  rate  of  climb  of  most  air¬ 
planes  occurs  at  an  air  speed  corresponding  to  a  lift 
coefficient  near  0.7,  it  is  apparent  that  the  external- 
airfoil  flap  lias  no  adverse  effect  on  the  maximum  rate 
of  climb,  provided  that  other  factors  affecting  the  issue, 
such  as  wing  loading  and  span,  are  the  same  for  the 
types  of  wing  arrangement  being  compared.  It  is 
further  apparent  that  for  an  airplane  of  a  given  power, 
weight,  wing  area,  span,  and  general  “cleanness”  the 
external-airfoil  flap  may  give  appreciable  improvement 
over  the  plain  wing  in  such  performance  features  as 
take-off,  angle  of  climb,  ceiling,  range,  endurance,  and 
minimum  rate  of  descent,  all  of  which  may  involve 
flight  at  lift  coefficients  in  excess  of  0.7.  This  feature 
may  be  particularly  useful  in  increasing  the  single- 
engine  ceiling  of  multiengine  aircraft  and  in  permitting 
such  airplanes  to  maintain  flight  at  lower  speeds,  in 
taking  off  for  example,  than  would  otherwise  be 
possible  with  one  engine  stopped. 

As  far  as  manual  operation  of  the  flap  in  flight  is 
concerned,  the  external-airfoil  flap  should  lie  consid¬ 
erably  superior  to  such  devices  as  ordinary  flaps  and 
unbalanced  split  flaps  on  account  of  the  low  values  of 
hinge  moment  that  can  be  obtained  throughout  the 
operating  range.  If  some  degree  of  overbalance  may 
be  tolerated  in  cases  where  the  flaps  are  not  also  used  as 
ailerons,  considerably  more  reduction  in  hinge  moment 
should  be  obtainable  by  moving  the  flap  hinge  axis 
further  back  on  the  flap  chord  without  any  loss  of 
performance  characteristics.  Comparison  of  the  hinge 
moments  obtained  for  either  of  the  present  flap  hinge 
axes  with  the  data  of  reference  11  indicates  that  this 
arrangement  of  the  external-airfoil  flap  requires  about 
one-third  the  operating  moment  of  comparable  sizes 
of  ordinary  flap  throughout  the  normal  range.  This 
ease  of  operation  should  facilitate  adjustment  of  the 
glide  path  in  approaches  to  a  landing  and  permit  the 
use  of  a  direct  flap-operating  lever  on  airplanes  of  such 


size  that  a  more  complicated  mechanical  drive  would 
be  necessary  for  conventional  flaps.  Certain  other 
types  of  flap,  as,  for  example,  the  Fowler  or  Zap,  maybe 
expected  to  give  characteristics  more  nearly  compara¬ 
ble  with  those  of  external-airfoil  flaps  than  do  the 
ordinary  or  split  type.  These  other  types,  however, 
have  extra  mechanical  complications  in  that  they 
require  some  other  type  of  motion  than  pure  rotation, 
which  contributes  to  the  ease  of  installation  and  opera¬ 
tion  of  external-airfoil  flaps. 

An  undesirable  feature  of  any  trailing-edge  liigh-lift 
device  is  the  large  negative  pitching  moment  that  it 
develops  when  operative.  In  this  respect  the  external- 
airfoil  flaps  are  slightly  inferior  at  equal  values  of  the 
maximum  lift  coefficient  to  ordinary  or  split  flaps.  In 
addition  to  the  structural  disadvantages  involved,  the 
problem  of  obtaining  satisfactory  balance  and  stability 
becomes  more  acute  because  of  this  characteristic. 
These  features  are  somewhat  compensated  by  the 
relatively  small  wake,  indicated  by  the  low  drag,  that 
occurs  when  the  deflection  of  the  external-airfoil  flaps 
is  less  than  the  deflection  giving  the  maximum  lift 
coefficient.  The  reduction  of  tail  effectiveness  due 
to  the  low-speed  wake,  and  incidentally  the  tendency 
to  tail  buffeting,  should  therefore  be  considerably  less 
than  with  flaps  that  are  deflected  to  large  angles  at 
maximum  lift. 

CONCLUDING  REMARKS 

From  the  data  obtained  in  the  present  investigation, 
the  external-airfoil  flap  in  combination  with  an  airfoil 
appears  to  be  one  of  the  most  generally  satisfactory 
high-lift  devices  investigated  to  date.  The  combina¬ 
tion  tested  offers  a  relatively  high  value  of  maximum 
lift  coefficient  with  low  profile  drag  in  the  high-lift 
range.  At  low  lift  coefficients  it  gives  very  nearly  as 
low  values  of  profile  drag  as  a  good  plain  airfoil  of  com¬ 
parable  thickness.  Structural  and  stability  problems 
associated  with  the  large  negative  pitching  moments 
occurring  at  high  lift  coefficients  may  be  slightly 
greater  than  in  the  case  of  ordinary  and  split  flaps,  A 
flight  investigation  of  this  type  of  device  installed  on  a 
Fairchild  22  airplane,  with  full-span  flaps  arranged  to 
operate  also  as  ailerons,  is  now  being  conducted  bv  the 
N.A.  0.  A. 
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Langley  Memorial  Aeronautical  Laboratory, 
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Langley  Field,  Ya.,  March  25,  1936. 
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Positive  directions  of  axes  and  angles  (forces  and  moments)  are  shown  by  arrows 


Axis 

Force 
(parallel 
to  axis) 
symbol 

Moment  about  axis 

Angle 

Velocities 

. 

Designation 

Sym¬ 

bol 

Designation 

Sym¬ 

bol 

Positive 

direction 

Designa¬ 

tion 

Sym¬ 

bol 

Linear 
(compo¬ 
nent  along 
axis) 

Angular 

Longitudinal _ 

X 

X 

Rolling - 

L 

Y—*Z 

Roll _ 

* 

u 

V 

Lateral _ 

Y 

Y 

Pitching-.... 

M  \ 

Z—*X 

Pitch _ _ 

e 

V 

2 

Normal _ 

Z 

Z 

Yawing - 1 

N  ' 

X- — >Y 

Yaw - 

* 

w 

r 

Absolute  coefficients  of  moment 
(rolling) 

» 

D,  Diameter 

p,  Geometric  pitch 

pjD,  Pitch  ratio 

V',  Inflow  velocity 

V„  Slipstream  velocity 

T,  Thrust,  absolute  coefficient  CT= 

Q,  Torque,  absolute  coefficient  0Q  = 


a 


M_ 
(jcS 
(pitching) 


Angle  of  set  of  control  surface  (relative  to  neutral 
N  position),  5.  (Indicate  surface  by  proper  subscript.) 

(yawing) 


4.  PROPELLER  SYMBOLS 


T 

ptfD* 

Q 

ptfD* 


P, 

C„ 


v, 

n, 


Power,  absolute  coefficient  CP 


P 

pnW* 


Speed-power  coefficient = 


5/pF« 

VPn1 


Efficiency 

Revolutions  per  second,  r.p.s. 


Effective  helix  angle  =  tan  1 


1  bp.  =  76.04  kg-m/s  =  550  ft-lb./sec. 
1  metric  horsepower = 1.0132  hp. 

1  m.p.b.  =  0.4470  m.p.s. 

1  m.p.s.  =2.2369  m.p.h 


5.  NUMERICAL  RELATIONS 

lib.  =  0.4536  kg. 

1  kg  =  2.2046  lb. 

1  mi.  =  1,609.35  m  =  5,280  ft. 
1  m  =  3.2808  ft. 


